taneously in young seedlings grown under controlled environmental conditions of temperature, light, CO2, and relative humidity (1). Circumnutational movements have been observed most commonly in specialized leaves called tendrils (7, 11, 12) in which the tendril tips follow a more or less regular ellipse as they move. Darwin and Darwin (7) also noted movements of this type in the true leaves of many plant species. The leaf tips of Phaseolus vulgaris circumnutate approximately once each hour (14).
These rotational movements were pronounced when the leaf blade was in a horizontal position and were not evident during the downward or "sleep" movements of the leaf. This movenment began 3 days after leaf unfolding and continued for at least 6 days. It was most pronounced at the time of inflection of the leaf length growth curve after the logarithmic phase of growtlh.
The unifoliate leaves of bean plants are generally in constant motion, and they display distinct patterns as they move. This study describes an oscillatory type of leaf movement in which the lamina rotates back and forth about the midvein axis, with the direction of rotation changing every few minutes. This type of motion has been observed only briefly by other investigators and has not been accurately characterized. Darwin and Darwin (7) noted rotational movements of bean leaves but only when the leaves were downward or in a "sleep" position. They designated this type of motion as "blade rotation." Tronchet et al. (14) taneously in young seedlings grown under controlled environmental conditions of temperature, light, CO2, and relative humidity (1). Circumnutational movements have been observed most commonly in specialized leaves called tendrils (7, 11, 12) in which the tendril tips follow a more or less regular ellipse as they move. Darwin and Darwin (7) also noted movements of this type in the true leaves of many plant species. The leaf tips of Phaseolus vulgaris circumnutate approximately once each hour (14) .
This investigation describes in detail the nature and particularly the rhythmicity of blade rotation during the growth and maturation of the unifoliate leaves of P. angularis.
MATERIALS AND METHODS
The leaf movements were recorded by time lapse photography. Phaseolus angularis was considered desirable for this type of study because of its small, ovate unifoliate leaves and slow growth characteristics. The plants were grown under continuous light of 600 4 15 ft-c, a temperature of 24.0 + 0.5 C, a relative humidity of 84 ± 4%, and sealed in a Plexiglass chamber to provide controlled conditions of CO2, water availability, and mineral nutrition. Carbon dioxide exhaustion was avoided by metering a constant flow of air from a compressed air cylinder continuously into the chamber during the growth of the plants. The Plexiglass chamber was maintained in a room of the Biotron, a controlled environment facility of the University of Wisconsin. Entry into the Plexiglass chamber was required only at the start of photographic recording for orientation of seedlings and once 8 days after leaf unfolding to remove the apical meristem and trifoliate leaves. The details involved in environmental control and cultural practices were described in a previous publication (1) . Plant response data were taken from leaves of four plants in two experiments and from the leaves of three plants in a third experiment. A 16-mm camera provided time lapse photographs of the leaf positions at 6-min intervals. Photographic recordings were started at the time of leaf unfolding and all plants were monitored for a period of 2 weeks.
Measurements of blade rotation were obtained from time lapse photographs of each bean plant which recorded lateral views of the unifoliate leaves as they moved. As 
RESULTS AND DISCUSSION
A rhythmic rotational type of movement with the midvein as the axis was observed in the primary leaves of P. angularis Wight. The term "blade rotation," as previously designated by Darwin and Darwin, will be used (7) . The rhythmic nature of blade rotation can be seen in Figure 1 . Blade rotation was persistent and self-sustaining under uniform environmental conditions and thus fits the definition of a true biological rhythm (13) .
In contrast to the observations ofDarwin and Darwin (7), blade rotation occurred only when the leaves were in an upward position and tended to fade out when the leaves were downward or in a "sleep" position (Fig. 1) (Table I) . Analysis of variance indicated that during the early stages of plant growth, the period of blade rotation did not change significantly. However, there was a 4.7-min increase in period immediately following removal of the apical meristems and trifoliate leaves (Table II).
Blade rotation activity was not observed until 3 days after leaf unfolding, when activity began and persisted for at least 6 days. The movement decreased considerably and eventually disappeared as the plant aged. This is evident in Figure 2 , in which the average relative rhythmic activity of 11 plants is plotted together with data on elongation of leaves. Relative rhythmic activity was obtained by dividing the number of rhythmic cycles for each daily period by the number of rhythmic cycles in the most active daily period for each plant. Rhythmic activity was generally observed for at least 6 days and for as long as 9 days in some plants. This is in contrast to circadian rhythm activity which began immediately when the leaves unfolded and was observed for as long as 28 days (9) .
There appeared to be a close relationship between stages of leaf development and blade rotation activity. Rhythmic activity was most intense during the inflection in growth rate of leaves just following the logarithmic phase of growth (Fig. 2) . Activity decreased and the movement became nonrhythmic as the leaf attained its maximal size. As the rhythmic activity decreased in the unifoliate leaves, rapid growth and expansion were occurring in the young trifoliate leaves.
A reasonably precise calculation of degrees of rotation was determined from the collected data. The 
